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[57] ABSTRACT 

This invention provides a method for manipulating the 
contents of eggs. An opening is made in the egg shell, 
without breaking the underlying egg shell membrane, and an 
aqueous liquid is deposited over the opening such that the 
opening is completely covered. The underlying egg shell 
membrane is then cut away. The introduction of air bubbles 
into the .interior of the egg upon cutting of the underlying 
egg shell membrane is prevented by the drawing of the 
aqueous liquid into the opening. A desired solution may be 
microinjected through the opening and the opening sealed. 

18 Claims, No Drawings 
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METHOD FOR MANIPULATING AVIAN 
EGGS 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates to a method of manipulating 
eggs, particularly fertilized eggs. 

b) Description of related art 

The hard egg shell and large yolky egg of the avian 
embryo pose a significant obstacle to manipulating the 
embryo. When laid, the avian embryo consists of a blasto- 
derm containing 30,000-60,000 cells on top of the yolk and 
encased in a hard calcified egg shell. Immediately below the 
shell is the egg shell membrane which surrounds the egg 
white, the egg yolk and the developing embryo. Many 
procedures, including transgenic modification of the avian 
genome, require access to the interior of the egg. For 
example, to modify the genetic material of a chicken, a small 
volume of liquid containing retroviral transducing particles 
or transfected donor cells must be injected into the subger- 
minal cavity of the recipient embryo. In addition, it may be 
desirable to expose the developing embryo to antigens, 
viruses, vaccines, or growth factors. 

To provide access to the interior of the egg and the 
embryo, typically a hole or "window" is made in the egg 
shell. Petitte et al. (Development 108:185-89 (1990)) and 
Bosselman et aL (Science 243:533-35 (1989); U.S. Pat. No. 
5,162,215) use a grinding tool, such as a Dremel, to grind a 
5-8 mm hole in the egg shell. The underlying egg shell 
membrane is then cut away with a scalpel and 2-10 micro- 
liters of experimental solution is microinjected into the 
embryo. The hole is then sealed in one of several ways. 
Usually, the hole is covered with fresh egg shell membrane 
from a donor egg, with the membrane applied in the same 
orientation as in the egg, i.e, albumen-side down. When the 
membrane dries, it is permanently sealed with plastic model 
cement or a gas permeable surgical membrane. See also 
Carsience et al. (Development 117:669-75 (1993)), and 
Fraser et al. (Int. J. Dev. Biol .37:381-85 (1993)). 

Other similar methods have been used to access the 
developing embryo. Thoraval et al. (Transgenic Res. 
4:369-76 (1995)) remove a triangular piece of shell, inject 
10 ul of experimental solution through the opening into the 
embryo, then seal the egg by replacing the shell piece and 
covering it with adhesive tape. Marzullo (Nature 225:72-3 
(1970)) cuts a hole in the shell, covers it with a glass cover 
slip, and seals it with paraffin wax. 

The hatch rate of viable chicks following egg manipula- 
tions is an important concern, for often the objective of the 
egg manipulation process is the production of a genetically 
altered chick. For example, transgenic avians may be pro- 
duced by injecting retroviral transducing particles or trans- 
fected donor cells into the embryo, and allowing the embryo 
to develop normally to batching. As noted below, it is well 
known in the field that less than 10% of fertilized eggs hatch 
following manipulations that require opening of the shell 
By contrast, greater than 90% of unmanipulaled eggs will 
hatch if the eggs are from flocks that are at peak production. 
Work in several laboratories indicates that it is the opening 
procedure that decreases hatchability, not the injections. 

Marzullo (1970) first reported the high mortality associ- 
ated with opening the egg, noting that only 7% of embryos 
of windowed and injected eggs reached day 15 of incuba- 
tion. Thoraval et al. (1995; Poultry Set 73:1897-1905 
(1994)) also found that 2.3-73% of opened and injected 



eggs hatched; uninjected, windowed eggs had a similar 
hatching rate, suggesting that the opening procedure caused 
the low hatching rate. Petitte et al. (1990) reported that 4 out 
of 53, or 7.6%, of windowed and injected eggs hatched; 

5 hatchability was the same without injection, indicating that 
the windowing procedure per se was responsible for the low 
hatch rate. Although Bosselman et al. (1989) reported a 
hatch rate of 38% using essentially the same method as 
Petitte et al., consistently obtaining hatch rates over 10% 

10 continues to be problematic. 

Surrogate shell methods have been developed to provide 
access to embryos and to improve hatch rates. Developing 
embryos, with or without genetic manipulation, are collected 
at various ages and transferred to "ex ovo" containers. 

15 Generally, 2 or 3 transfers are required as the embryo 
develops, and the last transfer consists of placing the embryo 
in a fresh donor egg shell with a large hole cut in the blunt 
end. Using these methods, Perry (Nature 331:70-73 (1988); 
U.S. Pat. No. 5,011,780) and Ono et al.(Z)ev. BioL 

20 161:126-30 (1994)) observed hatch rates greater than 25% 
for chicken and quail embryos, respectively. Unfortunately, 
this method is labor intensive and may prove rate-limiting if 
very large numbers of injections are necessary to produce 
viable transgenic chicks. 

25 

The surrogate shell method has also been combined with 
standard egg-opening methods. After windowing and inject- 
ing as described by Petitte et al. (1990), eggs are incubated 
for 3 days in standard incubators and the embryo is trans- 
3Q ferred to a surrogate shell which is sealed with gas perme- 
able film as described in U.S. Pat. No. 5,011,780. This 
approach yields hatch rates of greater than 25%; however it 
is also labor intensive. 

It would be desirable to provide an improved method for 
35 increasing the hatchability of eggs subjected to manipula- 
tion. 

SUMMARY OF THE INVENTION 

40 This invention provides a method for manipulating the 
contents of eggs. An opening is made in the egg shell, 
without breaking the underlying egg shell membrane, and an 
aqueous liquid is deposited over the opening such that the 
opening is completely covered. The underlying egg shell 

45 membrane is then cut away. The introduction of air bubbles 
into the interior of the egg upon cutting of the underlying 
egg shell membrane is prevented by the drawing of the 
aqueous liquid into the opening. A desired solution may be 
microinjected through the opening and the opening sealed. 

50 An advantage of the invention is improved hatchability of 
fertilized eggs following manipulation. The egg is manipu- 
lated as described above and incubated to allow develop- 
ment of the embryo. The incubation is maintained until the 
embryo is hatched from the egg. 

Suitable eggs are avian eggs including, but not limited to, 
eggs of the ratite, chicken, turkey, quail, duck, pheasant and 
goose. The egg may contain an embryo. 

The invention is suitable for any commercial application 
60 requiring microinjection of a solution. For example, geneti- 
cally modified cells, attenuated viruses, antigens, growth 
factors and cytokines may be microinjected. The invention 
provides improved hatchability following the incubation of 
manipulated fertilized eggs. This aspect may be useful when 
65 large numbers of injections are required, for example, in the 
production of genetically manipulated and transgenic ani- 
mals. 
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DETAILED DESCRIPTION OF THE after microinjecting. No air bubbles are introduced into the 

INVENTION interior when the underlying egg shell membrane is cut since 

a) Definitions and General Parameters me aqueous liquid is drawn into the opening. 

The following terms are set forth to illustrate and define In another embodiment, the invention further includes the 

the meaning and scope of the various terms used to describe 5 ? te P of exDosm g the egg to gamma-radiation prior to open- 

the invention herein. ing the shell. 

"Avian" refers to any avian species, including but not Another aspect of the invention is improved hatchability 

limited to ratite, chicken, turkey, quail, goose, pheasant, and following the manipulation as described above of an avian 

duck. 1Q egg which contains a blastoderm. The sealed microinjected 

"Hatchabflity w refers to the fraction of fertilized eggs that egg ™ incubated to allow development of the embryo. The 

hatch a viable chick. " incubation is maintained until the embryo is viably hatched 

"Blastoderm" refers to the disc of cells overlying the fr ° m the Cgg - 

subgerminal cavity usually containing 30,000-60,000 cells c ) Examples 

at oviposition. 15 The following specific examples are intended to illustrate 

b) Egg Manipulation the invention and should not be construed as limiting the 
This invention provides a method for manipulating the of the claims * 

contents of eggs. The egg manipulation comprises obtaining F 

an egg, making an opening in a shell of the egg without tAAMFLfc 1 

breaking the underlying egg shell membrane, depositing an 20 Egg manipulation 

Sm^el™^ ^ch that the opening is The eggs were manipulated as follows. Freshly laid, 

3^ ■ T g "\ T ni ¥ V? C8g fertile mite and Barred Rock chicken ej were 

membrane, microinjecting a solution through the opening, stored at 6° C. for 1 or 2 days. Some eggs were to 

£ob^ 25 500 Rads of gamma-radiation prior to^anipulaS^ 

^T^ZT^ mt ? mten ° r WhCn tbC 25 entire surface of an egg was wiped with 70% ethanol to 

egg shell membrane is cut. sterilize it. The egg waTplaced horizontally with respect to 

ibe egg to be manipulated may contain an embryo at the its long axis in an egg rack for 3 hours at room temperature 
blastoderm stage or later. The egg may be an avian egg to allow the blastoderm to rotate to the top. A 5-8 mm round 
selected from the group consisting of ratite, chicken, quail, „ hole was made in the top of the shell by drilling an opening 
duck, pheasant and goose. Preferably the egg is a chicken 30 with a drilling tool fitted with an abrasive routing tip which 
egg * can drill a hole in the eggshell without damaging the 

The aqueous liquid may be any suitable aqueous liquid, underlying egg shell membrane. A Dremel moto-tool 
including an aqueous solution having a pH from about 6 to (MiniMite #750) fitted with an aluminum oxide spherical 
about 9 and an osmolality from about 50 to about 400 35 grinding stone (Dremel, #925) was used. Care was taken not 
mOsm/kg I^O. The aqueous liquid may be, but is not to break the underlying egg shell membrane. Following 
limited to, an avian albumen solution, phosphate buffered drilling, the round hole was wiped with 70% ethanol and 
saline, tissue culture media and distilled water. Avian albu- allowed to dry. About 0.5-1 ml of phosphate-buffered saline 
men solution comprises albumen from a comparably aged or tissue culture medium was deposited as a droplet around 
donor egg, which may be further diluted by water or an w and above the hole such that the exposed egg white mem- 
appropriate salt solution. Examples of tissue culture media brane was completely covered. As a precaution against 
include but are not limited to Dulbecco's Modified Eagle's infection, the phosphate-buffered saline or tissue culture 
Medium (DMEM) and Medium M199. The skilled practi- medium contained 100 international units of penicillin and 
tioner will recognize which medium is appropriate. The 100 fig/ml of streptomycin. The shell membrane was cut 
aqueous solution may further contain an antibiotic. A pres- 45 cleanly free from the inside edge of the hole using a #11 
ently preferred antibiotic is 100 international units of peni- scalpel blade. Ragged edges were avoided by cutting just 
cillin and 100 fig/ml of streptomycin. beneath the edge of the egg shell. Once the egg shell 

The microinjection through the opening of an embryo- membrane was pierced, part of the overlying liquid was 
containing egg may be into the area around and in close drawn completely into the egg, preventing the entry of air 
proximity to the embryo. 50 bubbles. The solution was left in place during the remaining 

Another aspect of this invention is improved hatchability procedure so that no air bubbles were ever introduced into 
following the manipulation as described above of an egg me mtcrior of fhe egg. After microinjection of a small 
which contains an embryo. The sealed microinjected egg is amount of experimental solution into the area around and in 
incubated to allow development of the embryo. The incu- closc proximity to the blastoderm, the hole was sealed by 
bation is maintained until the embryo is viably hatched from 55 coverin g the hole with an approximately 1 square cm of 
the egg. fresh egg shell membrane from a donor egg. Care was taken 

One embodiment of the invention comprises a method for to ensure ^ orientation of the shell membrane was 
manipulating a chicken egg containing a blastoderm. The ^humeri side down and shell side up. Once the egg shell 
method comprises obtaining a laid avian egg which has been membrane dried to whiteness, the patch was completely 
stored at 6° C. usually for not more than two days and 60 covercd ^ 01100 <* mGni (Devcon®) or a gas permeable 
contains a blastoderm, making an opening in the shell of the Smgical dressing (TegaDerm®). 
egg without breaking the underlying egg shell membrane, fyampt 
depositing an effective amount of an aqueous liquid over the tiAAMrLti 2 

opening such that the opening is completely covered, cutting Increased Hatchability following egg manipulation, 
an opening in the egg shell membrane, microinjecting a 65 Hatchability was monitored by incubating the manipu- 
solution through the openmg into the area around and in lated eggs and monitoring the percent that developed nor- 
close proximity to the blastoderm, and sealing the opening mally to hatch. Eggs manipulated as described in Example 
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1 were placed in a humidified incubator narrow end down 
and incubated until hatch. Humidity was maintained at 
between 51-53% and the temperature was 37.8° C. Three 
different incubators were used: a new Jamesway AVN, a 
modern NatureForm NOM 125 or an old Jamesway 252. 

Following incubation, an average of 29.6% of manipu- 
lated eggs hatched (a low of 25% and a high of 34%, 504 
trials). The hatch rate was not significantly different for 
manipulated eggs with and without injection and with and 
without gamma-irradiation. In addition, no significant dif- 
ferences were found among incubators. By contrast, an 
average of 61.2% of unmanipulated control eggs hatched (a 
low of 45% and a high of 69%, 407 trials). Note that these 
numbers were relatively low because the experimental flock 
was near the end of its egg-laying cycle. 

EXAMPLE 3 
Comparative Example 

Hatch rate was also compared to that of eggs manipulated 20 
using the prior art method described by Petitte et al (1990) 
and Bossselman et al. (1989). Briefly, eggs were treated as 
in Example 1 except that the step of placing a small amount 
of solution around and above the hole was omitted. Rather, 
the egg shell membrane was pierced directly after the hole 
was drilled in the egg shell. Using this method, an average 
of 2.8% of eggs hatched (424 trials). 

In these experiments the new method has been shown to 
increase hatchability of manipulated eggs by a factor of ten. 

What is claimed is: 

1. A method of manipulating an avian egg comprising: 

a) obtaining an avian egg; 

b) making an opening in the shell of the avian egg without 
breaking the underlying egg shell membrane; 

c) depositing an aqueous liquid over the opening in the 
shell such that both the opening in the shell and the 
exposed egg shell membrane are completely covered; 

d) cutting an opening in the egg shell membrane, wherein 
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7. The method of claim 1 wherein the pH of the aqueous 
liquid is from about 6 to about 9 and the osmolality from 
about 50 to about 400 mOsm/kg H 2 0. 

8. The method of claim 1 wherein the aqueous liquid is 
selected from the group consisting of avian albumen 
solution, phosphate buffered saline, tissue culture medium 
and water. 

9. The method of claim 1 wherein the aqueous liquid 
further contains an antibiotic. 

10. A method for increasing hatchability after manipulat- 
ing an avian egg containing an embryo comprising: 

a) obtaining an avian egg; 

b) making an opening in the shell of the avian egg without 
breaking the underlying egg shell membrane; 

c) depositing an aqueous liquid over the opening in the 
shell such that both the opening in the shell and the 
exposed egg shell membrane are completely covered; 

d) cutting an opening in the egg shell membrane, wherein 
said opening in the egg shell membrane is completely 
covered by the aqueous liquid; 

e) microinjecting a solution through the opening in the 
egg shell membrane; 

f) sealing the openings in the egg shell membrane and 
shell after microinjecting; 

g) incubating the sealed microinjected avian egg to allow 
development of the embryo; and 

h) maintaining the incubation until the embryo is viably 
hatched from the avian egg. 

11. The method of claim 10 wherein the avian egg is 
selected from the group consisting of ratite, chicken, quail, 
duck, pheasant and goose. 

12. The method of claim 11 wherein the avian egg is a 
chicken egg. 

13. The method of claim 10 wherein the embryo is a 
blastoderm stage or later. 

14. The method of claim 10 wherein the pH of the 
aqueous liquid is from about 6 to about 9 arid the osmolality 
from about 50 to about 400 mOsm/kg H 2 0. 

15. The method of claim 10 wherein the aqueous liquid is 

said opening in the egg shell membrane is completely 40 ^f?^ ^consisting of avian albumen 

covered by the aqueous liquid; solution, Phosphate-buffered saline, tissue culture medium 

1 and water. 

16. The method of claim 10 wherein the aqueous liquid 
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e) microinjecting solution through the opening in the egg 
shell membrane; 

f) sealing the openings in the egg shell membrane and 
shell after microinjecting. 

2. The method of claim 1 wherein the avian egg contains 
an embryo. 

3. The method of claim 2 wherein the embryo is at the 
blastoderm stage or later. 

4. The method of claim 2 wherein the microinjection 
through the opening is into the area around and in close 
proximity to the embryo. 

5. The method of claim 1 wherein the avian egg is selected 
from the group consisting of ratite, chicken, quail, duck, 
pheasant and goose. 

6. The method of claim 5 wherein the avian egg is a 
chicken egg. 
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further contains an antibiotic. 

17. The method of claim 10 wherein the microinjection 
through the opening is into the area around and in close 
proximity to the embryo. 

18. In a method for manipulating an avian egg containing 
an embryo, which method requires removing a portion of the 
egg shell to create a hole exposing the underlying egg shell 
membrane and then piercing the exposed egg shell 
membrane, the improvement comprising depositing an 
aqueous liquid over the hole after forming said hole in the 
egg shell such that the hole opening is completely covered 
by the aqueous liquid prior to piercing the exposed egg shell 
membrane. 



